HEAT SPREADER MODULE AND METHOD OF MANUFACTURING SAME 



BACKGROUND OF THE INVENTION 
Field of the Invention: 

The present invention relates to a heat spreader module 
for cooling an IC chip or the like which comprises 
semiconductors , etc . 
Description of the Related Art : 

Generally, a heat spreader module for effectively 
dissipating the heat of a semiconductor device such as an 
IGBT (Insulated Gate Bipolar Transistor) or the like 
comprises a circuit board, an insulating board, a heat 
spreader member (heat diffusion layer), and a pedestal. If 
necessary, stress dampening layers may be disposed between 
these components of the heat spreader module. Heretofore, 
it has been customary to join these components with a solder 
layer (having a melting point of about 250° C). 

However, the solder layers pose a large heat 
resistance, and the manufacturing cost for the heat spreader 
module is high because of two joining processes required, 
i.e., a process of brazing the circuit board and the 
insulating board to each other and a process of joining the 
joined assembly to the pedestal. 

The inventor of the present invention has disclosed, in 
Japanese laid-open patent publication No. 2002-43482, a 
process of joining a circuit board, an insulating board, an 
intermediate layer, and a heat sink with an active hard 



brazing material under pressure and heat all in one 
sequence, leaving no joining layers which would pose a heat 
resistance. According to the disclosed process, a heat 
spreader module having a high thermal conductivity can be 
5 manufactured inexpensively. 

According to the above process of completing the 
joining of the components in one sequence, if the active 
hard brazing material is excessively supplied, then excess 
active hard brazing material is squeezed out around the 

10 pedestal when the components are joined. The need to remove 

the squeezed active hard brazing material results in an 
increase in the manufacturing cost. 

The melted hard brazing material that is squeezed out 
is brought into contact with side edges of copper plates 

15 that are used as the circuit board and the dampening layers. 

When the active hard brazing material and the copper plates 
contact each other, they are alloyed, and the alloyed region 
has an electric conductivity and a thermal conductivity 
lower than those of copper, or has durability increased to 

20 make the stress dampening capability lower than that of 

copper, resulting in a reduction in the quality of the heat 
spreader module. 

One solution is to reduce the supplied amount of the 
active hard brazing material for preventing excess active 

25 hard brazing material from being squeezed out around the 

pedestal. However, a reduction in the supplied amount of 
the active hard brazing material tends to cause a shortage 
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of the absolute amount of active elements required to join 
the components, giving rise to a new problem in that a 
necessary bonding strength cannot be achieved. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a heat spreader module which does not produce excess 
active hard brazing material and achieves a necessary 
bonding strength when components of the heat spreader module 
are joined, and a method of manufacturing such a heat 
spreader module . 

According to the present invention, there is provided a 
method of manufacturing a heat spreader module having a heat 
spreader member, an insulating board, and a metal plate 
which are joined to a pedestal, comprising the steps of 
supplying active hard brazing materials each containing an 
active element, between the pedestal, the heat spreader 
member, the insulating board, and the metal plate, and 
pressing and heating the pedestal, the heat spreader member, 
the insulating board, and the metal plate to melt the active 
hard brazing materials, thereby joining the pedestal, the 
heat spreader member, the insulating board, and the metal 
plate together, the active hard brazing materials being 
supplied such that the active hard brazing materials have a 
thickness ranging from 3 to 20 p when the active hard 
brazing materials are melted, the active element being 
contained in an amount ranging from 400 to 1000 pg/cm 2 . 



Since the active hard brazing materials are supplied 
such that their thickness is in the range from 3 to 20 pm at 
the time they are melted, when the pedestal, the heat 
spreader member, the intermediate layer, the insulating 
5 board, and the metal plate are joined together under 

pressure and heat, any amount of the active hard brazing 
materials that is squeezed out is essentially eliminated or 
greatly reduced. Therefore, the step of removing any 
squeezed-out active hard brazing material may be dispensed 

10 with, and the manufacturing cost of the heat spreader module 

may be lowered. Furthermore, alloying of the surface of the 
metal plate, squeezing-out of the active hard brazing 
materials onto a side edge of a copper plate used as a 
buffer layer, and a reduction in a stress dampening 

15 capability due to alloying are suppressed, preventing the 

heat spreader module from being lowered in quality. 

The active element is contained in an amount ranging 
from 50 to 2000 pg/cm 2 or more preferably 400 to 1000 
pg/cm 2 . Therefore, the absolute amount of the active 

20 element necessary to bond the components is sufficiently 

obtained for a required bonding strength. 

In the above manufacturing method, the active element 
should preferably be Ti. Each of the active hard brazing 
materials should preferably comprise a hard brazing material 

25 containing 3 to 15 weight % of Ti. Specifically, each of 

the active hard brazing materials should preferably comprise 
an active hard brazing material of Ag - Cu - In - Ti. 



- 4 - 



In the above manufacturing method, each of the active 
hard brazing materials may be stacked as a plate or printed 
as a paste on a component to be joined, or may be applied as 
a powder mixed with a binder to a component to be joined. 

In the above manufacturing method, an active hard 
brazing material powder which comprises a mixture of a hard 
brazing material powder free of an active element and an 
active element powder, or a paste produced from such an 
active hard brazing material powder may be used instead of a 
hard brazing material containing an active element. The hard 
brazing material free of an active element may comprise a 
hard brazing material of Ag - Cu - In, and the active 
element may be Ti. 

The heat spreader member should preferably be made of a 
composite material comprising a matrix of Carbon and/or 
Graphite Cu impregnated with Cu or Cu alloy or a composite 
material comprising a matrix of SiC impregnated with Cu or 
Cu alloy. 

The active hard brazing materials may be supplied 
between the pedestal, the heat spreader member, and the 
metal plate such that the active hard brazing materials have 
a thickness ranging from 3 to 20 \xm when the active hard 
brazing materials are melted, and contain the active element 
in an amount ranging from 400 to 1000 jig/cm 2 , and wherein 
the active hard brazing material may be supplied between the 
insulating board and the metal plate such that the active 
hard brazing material has a thickness ranging from 3 to 20 



pm when the active hard brazing material is melted, and 
contains the active element in an amount ranging from 50 to 
1000 pg/cm 2 . 

According to the present invention, there is also 
provided a heat spreader module constructed by supplying 
active hard brazing materials each containing an active 
element, between a pedestal, a heat spreader member, an 
insulating board, and a metal plate, and pressing and 
heating the pedestal, the heat spreader member, the 
insulating board, and the metal plate to melt the active 
hard brazing materials, thereby joining the pedestal, the 
heat spreader member, the insulating board, and the metal 
plate together, the active hard brazing materials being 
supplied such that the active hard brazing materials have a 
thickness ranging from 3 to 20 pm when the active hard 
brazing materials are melted, the active element being 
contained in an amount ranging from 50 to 2000 pg/cm 2 , or 
preferably from 400 to 1000 pg/cm 2 . 

When the components of the heat spreader module are 
joined together, no excess active hard brazing materials are 
produced, and the heat spreader module can have a necessary 
bonding strength. 

According to the present invention, there is also 
provided a heat spreader module constructed by supplying 
active hard brazing materials each containing an active 
element, between a pedestal, a heat spreader member, an 
insulating board, and a metal plate, and pressing and 



heating the pedestal, the heat spreader member, the 
insulating board, and the metal plate to melt the active 
hard brazing materials, thereby joining the pedestal, the 
heat spreader member, the insulating board, and the metal 
plate together* The metal plate includes a marginal edge of 
alloy having a width within a range of 200 inn. The alloyed 
region of the metal plate includes constituent elements of 
the active hard brazing materials. 

With the above arrangement , the insulating board and 
other components that are positioned above and below the 
metal plate are prevented from cracking. Therefore, the 
heat spreader module is highly reliable in operation. 

The above and other objects, features, and advantages 
of the present invention will become apparent from the 
following description with reference to the accompanying 
drawings which illustrate examples of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a vertical cross-sectional view of a heat 
spreader module according to an embodiment of the present 
invention; 

FIG. 2 is an enlarged fragmentary view showing an 
SiC/Cu composite material as an example of a heat spreader 
member ; 

FIG. 3 is an enlarged fragmentary view showing a C/Cu 
composite material as another example of a heat spreader 
member ; 



FIG. 4A is a vertical cross -sectional view illustrative 
of a setting step; 

FIG. 4B is a vertical cross -sectional view illustrative 
of a joining step; 
5 FIG. 5 is a vertical cross-sectional view illustrative 

of another joining step; 

FIG. 6 is a cross-sectional view of a sample used in 
first through third Experimental Examples; 

FIG. 7A is a perspective view showing an appearance of 
10 Comparative Example CI after its components are joined under 

pressure; 

FIG. 7B is a perspective view showing an appearance of 
Comparative Example C2 after its components are joined under 
pressure; 

15 FIG. 8A is a perspective view showing an appearance of 

Inventive Example El after its components are joined under 
pressure; 

FIG. 8B is a perspective view showing an appearance of 
Inventive Example E2 after its components are joined under 
20 pressure; 

FIG. 9A is a cross -sectional view showing an alloyed 
state of an intermediate layer in Comparative Example CI 
after its components are joined under pressure; 

FIG. 9B is a cross -sectional view showing an alloyed 
25 state of an intermediate layer in Comparative Example C2 

after its components are joined under pressure; 

FIG. 10A is a cross -sectional view showing an alloyed 
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state of an intermediate layer in Inventive Example El after 
its components are joined under pressure; 

FIG. 10B is a cross -sectional view showing an alloyed 
state of an intermediate layer in Inventive Example E2 after 
5 its components are joined under pressure; 

FIG, 11 is a diagram showing different squeezed amounts 
of active hard brazing materials with respect to different 
thicknesses of the active hard brazing materials when they 
are supplied, as measured in a third Experimental Example; 
10 FIG. 12 is a cross-sectional view of a sample used in 

fourth through sixth Experimental Examples; 

FIG. 13 is a diagram showing different bonding 
strengths of heat spreader modules with respect to different 
amounts of Ti contained in active hard brazing materials, as 
15 measured in the fourth Experimental Example; 

FIG. 14 is a cross-sectional view of a sample used in 
the fifth Experimental Example; 

FIG. 15 is a diagram showing different bonding 
strengths with respect to different amounts of Ti between an 
20 insulating board of SN and a circuit board of Cu and also 

between an insulating board of SN and an intermediate layer, 
as measured in the fifth Experimental Example; 

FIG. 16 is a diagram showing different thermal 
conductivities of heat spreader modules with respect to 
25 different amounts of Ti contained in active hard brazing 

materials, as measured in the sixth Experimental Example; 
and 
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FIG. 17 is a diagram showing bonding strengths, thermal 
conductivities, squeezed amounts of active hard brazing 
materials, and alloyed states of intermediate layers of 
samples 1 through 23, as measured in a seventh Experimental 
5 Example . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
A heat spreader module and a method of manufacturing 
such a heat spreader module will be described below with 

10 reference to FIGS. 1 through 17. 

As shown in FIG. 1, a heat spreader module according to 
an embodiment of the present invention comprises a pedestal 
12, a heat spreader member 14 disposed above the pedestal 
12, a thermally conductive layer 16 disposed on the heat 

15 spreader member 14, a first active hard brazing material 18 

interposed between the pedestal 12 and the heat spreader 
member 14, and a second active hard brazing material 20 
interposed between the heat spreader member 14 and the 
thermally conductive layer 16. 

20 The thermally conductive layer 16 comprises an 

insulating board 22, an intermediate layer 24 interposed 
between the insulating board 22 and the heat spreader member 
14, a circuit board 26 of Cu or Al disposed above the 
insulating board 22, a third active hard brazing material 28 

25 interposed between the intermediate layer 24 and the 

insulating board 22, and a fourth active hard brazing 
material 30 interposed between the insulating board 2 2 and 
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the circuit board 26. 

An IC chip 34 is mounted on a base layer 32 disposed on 
the circuit board 26. A heat sink 36 made of Al or Cu as a 
heat radiator is secured by screws (not shown), for example, 
to the lower surface of the pedestal 12. The insulating 
board 22 may be made of A1N or Si 3 N 4 . 

The order in which the components of the heat spreader 
module are positioned, i.e., the order of the pedestal 12, 
the heat spreader member 14, the insulating board 22, the 
intermediate layer 24, and the circuit board 26, is not 
limited to the order shown in FIG. 1. Insofar as the 
pedestal 12 is positioned adjacent to the heat sink 36 and 
the circuit board 26 is positioned adjacent to the IC chip 
34 with the base layer 32 interposed therebetween, each of 
the intermediate layer 24 and the heat spreader member 14 
may not be a single layer, but may be a combination of 
layers, and the insulating board 22 may not be disposed 
directly below the circuit board 26, but may be disposed in 
any suitable position anywhere between the pedestal 12 and 
the circuit board 26. 

The thermal conductivity of the heat spreader member 14 
should preferably be 150 W/mK or higher. If the thermal 
conductivity of the heat spreader member 14 is lower than 
150 W/mK, then the heat generated by the IC chip 34 during 
operation of the heat spreader module 10 is transferred out 
of the heat spreader module 10 at a lower speed, resulting 
in a poorer ability to keep the heat spreader module 10 at a 



constant temperature. 

The heat spreader member 14 is made of any material or 
materials as long as its thermal conductivity or coefficient 
of thermal expansion falls in the above range. Preferably, 
the heat spreader member 14 should be made of at least one 
material selected from the group consisting of SiC, A1N, 
Si 3 N 4 , BeO, A1 2 0 3 , Be 2 C, C, Cu, Cu alloy, Al, Al alloy, Ag, 
Ag alloy, and Si. That is, the heat spreader member 14 may 
be made of a single material selected from the above group 
or a composite material comprising at least two materials 
selected from the above group. For example, such a 
composite material may be a SiC/Cu composite material 4 0 
(see FIG. 2 ) or a C/Cu composite material 42 (see FIG. 3). 

As shown in FIG. 2, the SiC/Cu composite material 40 
comprises a porous sintered body 44 of Sic having open pores 
46 impregnated with melted Cu or Cu alloy 48, which is 
subsequently solidified. 

As shown in FIG. 3, the C/Cu composite material 42 
comprises a porous sintered body 50 which is produced by 
preliminarily sintering carbon or an isotope thereof into a 
network, the porous sintered body 50 having open pores 52 
impregnated with melted Cu or Cu alloy 54, which is 
subsequently solidified. The C/Cu composite material 42 is 
disclosed in Japanese laid-open patent publication No. 2001- 
339022, for example. 

If the heat spreader member 14 is made of any of 
composite materials or alloys referred to above, the 



coefficient of thermal expansion and the thermal 
conductivity thereof can be controlled at a range from 3.0 x 
10" 6 to 1.0 x 10" 5 /K and at least 150 W/mK, respectively, by 
setting a composition ratio of the constituents. 

The first through fourth active hard brazing materials 
18 , 20, 28, 30 should preferably be an active hard brazing 
material containing an active element or elements . The 
active element or elements may be at least one of elements 
belonging to the periodic table, group 2A, such as Mg, Sr, 
Ca, Ba, Be, etc., group 3A, such as Ce, etc., group 4A, such 
as Ti, Zr, etc., group 5A, such as Nb, etc., or group 4B, 
such as B, Si, etc. In the present embodiment, the first 
through fourth active hard brazing materials 18, 20, 28, 30 
comprise a hard brazing material of Ag - Cu - In - Ti where 
Ti is an active element . 

As shown in FIG. 1, the base layer 32 comprises a 
solder layer 60 disposed on the thermally conductive layer 
16 and an Ni layer 62 disposed on the solder layer 60 for 
increasing the wettability of the IC chip 34 with respect to 
the solder layer 60. The pedestal 12 is made of pure copper 
or copper alloy. 

A process of manufacturing the heat spreader module 10 
according to the present embodiment will be described below 
with reference to FIGS. 4A through 5. 

FIG. 4A illustrates a setting step. In the setting 
step, the first active hard brazing material 18 in the form 
of a plate, the heat spreader member 14, the second active 



hard brazing material 20 in the form of a plate, the 
intermediate layer 24, the third active hard brazing 
material 28 in the form of a plate, the insulating board 22, 
the fourth active hard brazing material 30 in the form of a 
plate, and the circuit board 26 are placed on the pedestal 
12 successively in the order named. The setting step is 
performed in the atmosphere, for example - 

FIG. 4B illustrates a joining step. In the joining 
step, the pedestal 12, on which the first active hard 
brazing material 18, the heat spreader member 14, the second 
active hard brazing material 20, the intermediate layer 24, 
the third active hard brazing material 28, the insulating 
board 22, the fourth active hard brazing material 30, and 
the circuit board 26 are set, is fixedly mounted on a jig 
70. The assembly is placed in a vacuum of 1.0 x 10" 5 Torr 
or lower, and is pressed from above to join the components 
together while the temperature is being raised and lowered. 
The joining step thus performed produces an integrally 
joined assembly of the circuit board 26, the insulating 
board 22, the intermediate layer 24, the heat spreader 
member 14, and the pedestal 12, i.e., the heat spreader 
module 10, as shown in FIG. 1. 

In FIG. 4A, the first through fourth active hard 
brazing materials 18, 20, 28, 30 each in the form of a plate 
are employed. However, as shown in FIG. 5, the first 
through fourth active hard brazing materials 18, 20, 28, 30 
may be employed each in the form of a paste. Specifically, 



the heat spreader member 14 that is coated with the second 
active hard brazing material 20 is placed on the pedestal 12 
that is coated with the first active hard brazing material 
18 , and the intermediate layer 24 that is coated with the 
third active hard brazing material 28 is placed on the heat 
spreader member 14. 

Then, the insulating board 22 that is coated with the 
fourth active hard brazing material 30 is placed on the 
intermediate layer 24, and the circuit board 26 is placed on 
the insulating board 22. The setting step wherein the first 
through fourth active hard brazing materials 18, 20, 28, 30 
each in the form of a paste are applied is now completed. 

In the joining step shown in FIG. 4B, the assembly 
should preferably be pressed under a pressure in the range 
from 0.2 MPa to 10 MPa. 

According to the present embodiment, in the setting 
step shown in FIG. 4A or 5, the first through fourth active 
hard brazing materials 18, 20, 28, 30 are supplied in such 
quantities that when they are melted under pressure and heat 
so as to be joined together, they have an average thickness 
in the range from 3 to 20 jam. 

The amount of Ti contained in each of the first through 
fourth active hard brazing materials 18, 20, 28, 30 should 
preferably be in the range from 50 to 2000 pg/cm 2 or more 
preferably be in the range from 400 to 1000 jig/cm 2 . 

Since the first through fourth active hard brazing 
materials 18, 20, 28, 30 are supplied such that their 
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average thickness is in the range from 3 to 20 p at the 
time they are melted under pressure and heat so as to be 
joined together, when the pedestal 12, the heat spreader 
member 14, the intermediate layer 24, the insulating board 
22, and the circuit board 26 are joined together under 
pressure, any amount of active hard brazing material 80 (see 
FIG. 7A, for example) that is squeezed out is essentially 
eliminated or greatly reduced. Therefore, the step of 
removing the squeezed-out active hard brazing material 80 
may be dispensed with, and the manufacturing cost of the 
heat spreader module 10 may be lowered. In addition, 
alloying of the surface of the intermediate layer 24 which 
is in the form of a metal plate is suppressed, so that the 
quality of the heat spreader module 10 will not be reduced. 
The circuit board 26 is often in the form of a thin plate 
having a thickness ranging from 0.1 to 0.3 mm. Therefore, 
any squeezed- out active hard brazing material 80 that is 
applied to the side edges of the circuit board 26 is 
extremely small, and hence the active hard brazing material 
80 and the circuit board 26 are essentially not alloyed. 

The bonding strength between the components depends on 
the amount of Ti contained in each of the first through 
fourth active hard brazing materials 18, 20, 28, 30. In the 
present embodiment, inasmuch as the amount of Ti contained 
in each of the first through fourth active hard brazing 
materials 18, 20, 28, 30 is preferably in the range from 50 
to 2000 iag/cm 2 or more preferably in the range from 400 to 



1000 jig/cm 2 , the absolute amount of Ti necessary to bond the 
components is sufficiently obtained for a required bonding 
strength. 

Seven Experimental Examples will be described below. 
In the first Experimental Example, squeezed-out states of 
the active hard brazing material 80 are observed for 
appearance with respect to several samples (Comparative 
Examples Cl # C2 and Inventive Examples El, E2). As shown in 
FIG. 6, these samples have such a common structure that two 
joined assemblies 82, 84 are stacked with a buffer layer 86 
interposed therebetween. Each of the joined assemblies 82, 
84 is constructed of the heat spreader member 14 (having a 
thickness of 3.0 mm) made of the C/Cu composite material 42 
(see FIG. 3), the second active hard brazing material 20 
placed on the heat spreader member 14, the intermediate 
layer 24 (having a thickness of 0.25 mm) made of Cu which is 
placed on the second active hard brazing material 20, the 
third active hard brazing material 28 placed on the 
intermediate layer 24, the insulating board 22 (having a 
thickness of 0.3 mm) of SN which is placed on the third 
active hard brazing material 28, the fourth active hard 
brazing material 30 placed on the insulating board 22, and 
the circuit board 26 (having a thickness of 0.3 mm) of Cu 
which is placed on the fourth active hard brazing material 
30. 

The samples were placed in a vacuum of 1.0 x 10" 5 Torr 
or lower at a temperature of 830° C, and were pressed under a 
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pressure of 3.5 MPa to join the components together. The 
samples were pressed for 10 minutes. 

In Comparative Example CI, each of the second through 
fourth active hard brazing materials 20, 28, 30 had a 
thickness of 50 jim at the time the components were joined 
under pressure. In Comparative Example C2, each of the 
second through fourth active hard brazing materials 20, 28, 
30 had a thickness of 30 jim at the time the components were 
joined under pressure. In Inventive Example El, each of the 
second through fourth active hard brazing materials 20, 28, 
30 had a thickness of 20 inn at the time the components were 
joined under pressure. In Inventive Example E2 , each of the 
second through fourth active hard brazing materials 20, 28, 
30 had a thickness of 10 pm at the time the components were 
joined under pressure. 

The appearances of the samples after the 
experimentation are shown in FIGS. 7A through 8B. In 
Comparative Example CI, as shown in FIG. 7A, it can be seen 
a large amount of excess active hard brazing material 80 was 
squeezed out when the components were pressed, with a large 
amount of active hard brazing material 80 applied to the 
side edges of the circuit board 26 and the intermediate 
layer 24. In Comparative Example C2, as shown in FIG. 7B, 
it can be seen some excess active hard brazing material 80 
was squeezed out when the components were pressed, with 
active hard brazing material 80 applied to the side edges of 
the circuit board 26 and the intermediate layer 24. 
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In Inventive Example El, as shown in FIG. 8A, the 
amount of excess active hard brazing material 80 that was 
squeezed out when the components were pressed is small, with 
almost no active hard brazing material 80 applied to the 
side edges of the circuit board 26 and the intermediate 
layer 24. In Inventive Example E2, as shown in FIG. 8B, no 
active hard brazing material 80 was squeezed out when the 
components were pressed is small, with no active hard 
brazing material 80 applied to the side edges of the circuit 
board 26 and the intermediate layer 24. 

In the second Experimental Example, Comparative 
Examples CI, C2 and Inventive Examples El, E2 that were 
experimented were broken vertically, and the intermediate 
layers 24 were observed about how they were alloyed and the 
insulating boards 22 were observed about how they cracked. 
The experimental results are shown in FIGS. 9A through 10B. 

In Comparative Example CI, as shown in FIG. 9A, the 
intermediate layer 24 was alloyed by a depth of about 200 jim 
from its side edge toward the center thereof (see an alloyed 
range al). In Comparative Example C2, as shown in FIG. 9B, 
the intermediate layer 24 was alloyed by a depth of about 
100 jim from its side edge toward the center thereof (see an 
alloyed range a2 ) . In Comparative Example CI, since the 
alloyed range was large, the insulating board 22 had cracks 
90 therein. 

In Inventive Example El, as shown in FIG. 10A, the 
intermediate layer 24 was alloyed by a depth of about 20 }im 



from its side edge toward the center thereof (see an alloyed 
range bl). The alloyed range bl is much smaller than those 
in Comparative Examples CI, C2 . In Inventive Example E2, as 
shown in FIG. 10B, the intermediate layer 2 4 was alloyed by 
a depth of about 10 \Jia from its side edge toward the center 
thereof (see an alloyed range b2). It will be understood 
that the intermediate layer 2 4 in Inventive Example E2 was 
almost not alloyed. 

In the third Experimental Example, the samples (see 
FIG. 6) which are the same as those in the first 
Experimental Example were measured for different amounts of 
squeezed-out active hard brazing material 80 with respect to 
different thicknesses of the second through fourth active 
hard brazing materials 20, 28, 30 at the time they were 
supplied. The different amounts of squeezed-out active hard 
brazing material 80 were measured by cutting off the 
squeezed-out active hard brazing material 80 and measuring 
the weight thereof . 

The measured results are shown in FIG. 11. In FIG. 11, 
plots indicated by 0 ( : Empty Diamond) represent amounts of 
squeezed- out active hard brazing material 80 when a active 
hard brazing material containing 2.2 weight % of Ti was used 
as the second through fourth active hard brazing materials 
20, 28, 30, and plots indicated by ■ (: Filled Square) 
represent amounts of squeezed- out active hard brazing 
material 80 when an active hard brazing material containing 
7 weight % of Ti was used as the second through fourth 
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active hard brazing materials 20, 28, 30. A straight-line 
curve G which is inclined upwardly to the right represents 
changes in the total weight of the second through fourth 
active hard brazing materials 20, 28, 30 when they were 
supplied. 

As shown in FIG. 11, the amount of squeezed- out active 
hard brazing material 80 increases as the thicknesses of the 
supplied second through fourth active hard brazing materials 
20, 28, 30 increase. It can also been seen that the 
difference between the amount of squeezed- out active hard 
brazing material 80 and the total weight of the second 
through fourth active hard brazing materials 20, 28, 30 when 
they were supplied, i.e., the amount of active hard brazing 
material 80 that contributed to the joining of the 
components, remains substantially unchanged. 

Consequently, it can be understood from the third 
Experimental Example that since the weight of active hard 
brazing material 80 that contributed to the joining of the 
components remains substantially unchanged, it is useless to 
supply an amount of active hard brazing material in excess 
of that weight, and if an amount of active hard brazing 
material in excess of that weight is supplied, then the 
intermediate layer 24 will undesirably be alloyed, resulting 
in characteristic degradations. 

The fourth Experimental Example will be described 
below. In the fourth Experimental Example, different 
bonding strengths of the heat spreader module with respect 



to the amounts of Ti contained in the second through fourth 
active hard brazing materials 20, 28, 30 were observed. 

In the fourth Experimental Example, there were prepared 
samples of a first type wherein 60Ag - 24Cu - 14In - 2 . 2Ti 
was employed as the first through fourth active hard brazing 
materials 18, 20, 28, 30 and the samples had respective 
thicknesses of 5 pm, 7.5 pm, 10 inn, 15 \im, and 20 \xm when 
they were supplied, and samples of a second type wherein 
58Ag - 22Cu - 13In - 7Ti was employed as the first through 
fourth active hard brazing materials 18, 20, 28, 30 and the 
samples had respective thicknesses of 5 jim, 7.5 pm, 10 Jim, 
15 pm, and 20 pm when they were supplied. 

As shown in FIG. 12, each of the samples of the first 
and second types is constructed of the first active hard 
brazing material 18 that is placed on the pedestal 12 
(having a thickness of 2.0 mm) made of Cu, the heat spreader 
member 14 (having a thickness of 3.0 mm) made of the C/Cu 
composite material which is placed on the first active hard 
brazing material 18, the second active hard brazing material 
20 placed on the heat spreader member 14, the intermediate 
layer 24 (having a thickness of 1.0 mm) placed on the second 
active hard brazing material 20, the third active hard 
brazing material 28 placed on the intermediate layer 24, the 
insulating board 22 (having a thickness of 0.3 mm) of SN 
which is placed on the third active hard brazing material 
28, the fourth active hard brazing material 30 placed on the 
insulating board 22, and the circuit board 26 (having a 
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thickness of 0.2 mm) of Cu which is placed on the fourth 
active hard brazing material 30. 

The samples of the first and second types were 
subjected to a peel test in which terminals were joined to 
the pedestal 12 and the circuit board 26 and the samples 
were simply pulled vertically. In the peel test, the 
samples were measured for a strength at the time the joined 
surfaces (active hard brazing material surfaces) were peeled 
off or a strength at the time the heat spreader member 14 
was fractured. If the joined surfaces are peeled off, then 
it means that the bonding strength is too low, and if the 
heat spreader member 14 is fractured, then it means that the 
bonding strength is high and the joined surfaces are highly 
reliable . 

The measured results of the fourth Experimental Example 
are shown in FIG. 13. In FIG. 13, the horizontal axis 
represents graduations for the thicknesses of the active 
hard brazing materials 18, 20, 28, 30 of the samples of the 
first type, graduations for the thicknesses of the active 
hard brazing materials 18, 20, 28, 30 of the samples of the 
second type, and graduations for amounts of contained Ti. 

In FIG. 13, plots indicated by □ (:Empty Square) 
represent strengths at the time the joined surfaces of the 
samples of the first type were peeled off, and plots 
indicated by ■ (: Filled Square) represent strengths at the 
time the heat spreader member 14 of the samples of the first 
type were fractured. Similarly, plots indicated by o 



(: Empty Circle) represent strengths at the time the joined 
surfaces of the samples of the second type were peeled off, 
and plots indicated by • (: Filled Circle) represent 
strengths at the time the heat spreader member 14 of the 
samples of the second type were fractured. The peeling off 
of each of the joined surfaces took place at the interface 
between the heat spreader member 14 and the pedestal 12 or 
the interface between the heat spreader member 14 and the 
intermediate layer 24. 

It can be seen from the experimental results shown in 
FIG. 13 that with respect to the samples of the first type, 
the joined surfaces were peeled off in all the thicknesses 
ranging from 5 to 20 pm, and the heat spreader member 14 was 
also fractured in the sample having the thickness of 20 inn. 

It can also be seen that with respect to the samples of 
the second type, the joined surfaces were peeled off in the 
sample having the thickness of 5 pm, and that sample had a 
bonding strength of 20 MPa which is of a practical level, 
and the heat spreader member 14 was fractured, but the 
joined surfaces were not peeled off, in all the samples 
having the thicknesses ranging from 7.5 to 20 pm. 

Of the samples of the first type, the sample having the 
thickness of 20 pm contained about 420 pg/cm 2 of Ti. Of the 
samples of the second type, the sample having the thickness 
of 5 pm contained about 350 pg/cm 2 of Ti. It can thus be 
seen that if the amount of contained Ti required to join the 
heat spreader member 14 and the pedestal 12 to each other 



and also to join the heat spreader member 14 and the 
intermediate layer 24 is 400 pg/cm 2 or greater, then the 
bonding strength that is achieved is of a practical level. 

The fifth Experimental Example will be described below 
The fifth Experimental Example employed samples of a third 
type and samples of a fourth types . Each of the samples of 
the third and fourth types is constructed of, as shown in 
FIG. 14, the first active hard brazing material 18 that is 
placed on the intermediate layer 24 (having a thickness of 
1.0 mm) made of Cu, the insulating board 22 (having a 
thickness of 0.3 mm) of SN which is placed on the first 
active hard brazing material 18, the fourth active hard 
brazing material 30 that is placed on the insulating board 
22, and the circuit board 26 (having a thickness of 0.2 mm) 
of Cu which is placed on the second active hard brazing 
material 20. 

In the fifth Experimental Example, the samples; were 
observed for different bonding strengths with respect to 
different amounts of Ti required to join the insulating 
board 22 of SN and the circuit board 26 of Cu to each other 
and also to join the insulating board 22 of SN and the 
intermediate layer 24 to each other. 

The measured results are shown in FIG. 15. In the 
fifth Experimental Example, the samples of the first and 
second types were subjected to a peel test in which 
terminals were joined to the intermediate layer 24 and the 
circuit board 26 and the samples were simply pulled 
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vertically. Those samples which had joined surfaces peeled 
off were judged as being rejected (NG) , and those samples 
which had the insulating board 22 itself fractured were 
judged as being acceptable (OK) because the bonding strength 
was regarded as being of a practical level. 

It can be seen from the results shown in FIG. 15 that 
with respect to the samples of the third type, the joined 
surfaces were peeled off in the sample having the thickness 
of 3 pm, and the insulating board 22 was fractured in those 
samples having the thicknesses ranging from 5 to 20 pm. 

It can also be seen from the results shown in FIG. 15 
that with respect to the samples of the fourth type, the 
insulating board 22 was fractured in all those samples 
having the thicknesses ranging from 3 to 20 pm. 

Of the samples of the third type, the sample having the 
thickness of 3 pm contained about 38 pg/cm 2 of Ti, and the 
sample having the thickness of 5 pm contained about 63 
pg/cm 2 of Ti. It can thus be seen that if the amount of 
contained Ti required to join the insulating board 22 of SN 
and the circuit board 26 of Cu to each other and also to 
join the insulating board 22 of SN and the intermediate 
layer 24 to each other is 50 pg/cm 2 or greater, then the 
bonding strength that is achieved is of a practical level. 

The sixth Experimental Example will be described below. 
In the sixth Experimental Example, different thermal 
conductivities of heat spreader modules 10 with respect to 
different amounts of Ti contained in the first through 
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fourth active hard brazing materials 18, 20, 28, 30 were 
observed. Specifically, the samples of first and second 
types in the fourth Experimental Example were measured for 
thermal conductivities . 

The measured results are illustrated in FIG. 16. In 
FIG. 16, plots indicated by □ (: Empty Square) represent 
thermal conductivities of the samples of the first type, and 
plots indicated by • ( : Filled Circle) represent thermal 
conductivities of the samples of the second type. 

All the samples of the first type, and those samples of 
the second type in which the first through fourth active 
hard brazing materials 18, 20, 28, 30 had respective 
thicknesses of 5 )im, 7.5 pm, 10 jim, and 15 ]im when they were 
supplied had thermal conductivities of 350 W/mK or higher. 
However, those samples of the second type in which the first 
through fourth active hard brazing materials 18, 20, 28, 30 
had respective thicknesses of 20 \*m (which can be converted 
into 1300 pg/cm 2 as the amount of contained Ti) when they 
were supplied had thermal conductivities less than 350 W/mK. 

It can be understood from FIG. 16 that if the amount of 
contained Ti is 1200 pg/cm 2 or less, then the thermal 
conductivity that is achieved is of a practical level. 

The seventh Experimental Example will be described 
below. The seventh Experimental Example serves as a general 
experiment, and was conducted to observe bonding strengths, 
thermal conductivities, squeezed amounts of active hard 
brazing material 80, and alloyed states of the intermediate 



layer 24 of samples 1 through 23 (having the same structural 
details as shown in FIG. 12) that were joined under the 
joining conditions described below. 

Alloyed states were judged as "x" if the applied amount 
of brazing material was in excess of 20 yim and the 
intermediate layer 24 was alloyed by a depth of 200 pm or 
greater from its side edge toward the center thereof, "O" 
if the applied amount of brazing material was in the range 
from 10 to 20 pm and the intermediate layer 24 was free of 
an alloyed region beyond the depth of 200 yim, and "©" if 
the applied amount of brazing material was less than 10 yim 
and the intermediate layer 24 was alloyed by a depth of 100 
pm or smaller. 

The samples were joined under a pressure of 3.5 MPa in 
a vacuum of 1.0 x 10" 5 Torr or lower at a temperature of 
830° C for 10 minutes. 

The bonding strength was judged by pulling the samples 
1 through 23 and determining whether the joined interfaces 
were peeled off (NG) or not and whether the heat spreader 
member 14 was fractured (OK) or not. 

The squeezed amount of active hard brazing material 80 
was measured as follows: Attention was directed to the 
circuit board 26 which is substantially not alloyed by an 
active hard brazing material that has been squeezed out, and 
the amount of active hard brazing material 80 squeezed out 
from between the circuit board 26 and the insulating board 
22 positioned therebeneath was measured, after which the 
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measured amount was multiplied by 4. 

The details of the samples 1 through 23 (the 
compositions of the first through fourth active hard brazing 
materials 18, 20, 28, 30, the supplied amounts of the first 
through fourth active hard brazing materials 18, 20, 28, 30, 
and the amounts of contained Ti) and the measured results 
are shown in FIG. 17. In FIG. 17, Wl represents the 
supplied amounts of the first through fourth active hard 
brazing materials 18, 20, 28, 30, W2 represents the amounts 
of contained Ti, >on represents the thermal conductivities of 
the heat spreader modules 10, and hm represents the squeezed 
amounts of the first through fourth active hard brazing 
materials 18, 20, 28, 30. 

With respect to the compositions of the first through 
fourth active hard brazing materials 18, 20, 28, 30 in the 
description which follows, those materials having a 
composition of 60Ag - 24.7Cu - 14In - 1 . 3Ti are referred to 
as " 1.3T1 material", those materials having a composition of 
59.8Ag - 24Cu - 14In - 2 . 2Ti as "2.2T1 material", those 
materials having a composition of 58.4Ag - 23.5Cu - 13.5In - 
4 . 5Ti as "4.5T1 material", and those materials having a 
composition of 58Ag - 22Cu - 13In - 7Ti as "7Ti material". 

First, the bonding strength in the measured results 
shown in FIG. 17 will be described below. Of the samples 1 
through 4 which employed the 1 . 3Ti material, the samples 1 
through 3 are judged as "NG" , and a critical point of the 
amount of contained Ti for judging the samples 1 through 3 
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as "NG" exists between 378.3 jig/cm 2 of the sample 3 and 

630.5 yig/cm 2 of the sample 4. 

Of the samples 5 through 11 which employed the 2 . 2Ti 
material, the samples 5 through 7 are judged as "NG" , and a 
critical point of the amount of contained Ti for judging the 
samples 5 through 7 as "NG" exists between 213.4 pg/cm 2 of 
the sample 7 and 320.1 jig/cm 2 of the sample 8. 

Of the samples 12 through 17 which employed the 4 . 5Ti 
material, the sample 12 is judged as "NG" , and a critical 
point of the amount of contained Ti for judging the sample 
12 as "NG" exists between 218.25 pg/cm 2 of the sample 12 and 

327.6 jig/cm 2 of the sample 13. 

Of the samples 18 through 23 which employed the 7Ti 
material, no sample is judged as "NG" , and a critical point 
of the amount of contained Ti for judging samples as "NG" 
exists below 339.5 iag/cm 2 . 

Those samples which had thermal conductivities less 
than 360 W/mK include the sample 11 (whose Ti content was 
1067 pg/cm 2 , the sample 16 (whose Ti content was 873 yag/cm 2 , 
the sample 17 (whose Ti content was 1309.5 pg/cm 2 , the 
sample 21 (whose Ti content was 1018.5 pg/cm 2 , the sample 22 
(whose Ti content was 1358 pg/cm 2 , and the sample 23 (whose 
Ti content was 2037 pg/cm 2 ) . 

Therefore, a critical point for determining the thermal 
conductivity of 350 W/mK exists between 873 pg/cm 2 of the 
sample 16 and 1067 jig/cm 2 of the sample 11. 

The alloyed state of the intermediate layer 24 was 
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judged as "x" in the samples 3, 10, 17, 23 where the first 
through fourth active hard brazing materials 18, 20, 28, 30 
were supplied in an amount of 29.1 mg/cm 2 , and the samples 
4, 11 where the first through fourth active hard brazing 
materials 18, 20, 28, 30 were supplied in an amount of 48.5 
mg/cm 2 . 

The supplied amount of 29.1 mg/cm 2 for the active hard 
brazing materials 18, 20, 28, 30 may be converted into a 
thickness of 30 ym at the time they are supplied, and the 
supplied amount of 48.5 mg/cm 2 for the active hard brazing 
materials 18, 20, 28, 30 may be converted into a thickness 
of 50 at the time they are supplied. 

It can be seen from the results of the seventh 
Experimental Example that if the thickness of the active 
hard brazing materials 18, 20, 28, 30 when they are supplied 
is less than 20 iim and the amount of contained Ti is in the 
range from 400 to 1000 pg/cm 2 , then it is possible for the 
heat spreader module 10 to have a thermal conductivity of 
350 W/mK or higher and a sufficient bonding strength, and to 
be essential free of alloying in the intermediate layer 24. 

Although certain preferred embodiments of the present 
invention have been shown and described in detail, it should 
be understood that various changes and modifications may be 
made therein without departing from the scope of the 
appended claims . 



